Introduction
Pacific and Mediterranean Sea, and for C. intestinalis, two localities in the North Sea (one in 1 4 6 shallow water and one at 20-meters depth) and one in the NW Atlantic (Table 1) . For each 1 4 7 individual, DNA extraction was performed with Nucleospin® 96 Tissue Kit according to the 1 4 8 markers with a probability of amplification greater than 40% were retained. We selected this 1 7 1 low minimum value because of the high divergence between C. robusta and C. intestinalis at 1 7 2 the full transcriptome level (i.e. 14% according to Roux et al. (2013) ) and thus the poor 1 7 3 number of genomic regions likely to be conserved between the two species. The average 1 7 4 probability obtained for our final SNP panel of 384 markers was however reaching 74%. Based on the results by Roux et al. (2013) , loci could be sorted according to four categories of 1 7 6 polymorphism (Table S1): 1) SNPs differentially fixed between the two species (sf), 2) SNPs 1 7 7 polymorphic in C. robusta (sxA) but not in C. intestinalis, 3) SNPs polymorphic in C. for discriminating recent admixed individuals (Bierne et al. 2011; Larson et al. 2014) . However, these loci display restricted introgression and might not randomly associate during representative of the parental species. We ran five independent analyses (each using a 2 3 8 different random starting value) with 500,000 MCMC after a period of 500,000 burn-in cycles 2 3 9 using the Jeffreys-like prior. To examine inter-specific gene flow at the genome level, we used the R package (based on the minor allele frequency in each species), we selected 105 loci that were the most 2 4 3 differentiated loci according to F ST values (F ST > 0.9) computed between the two species 2 4 4 using allopatric populations ( Figure S2 ). Such a selection is common practice in hybridization 2 4 5 studies (e.g. between Mytilus species (Saarman & Pogson 2015) or Gryllus crickets (Larson et   2  4  6 al. 2013, 2014) ). For each individual, the maximum likelihood value of hybrid index was 2 4 7 estimated. The hybrid index (h) is defined as the proportion of C. intestinalis alleles over all NEWHYBRIDS and INTROGRESS analyses were also done using a small dataset 2 5 3 made of the three nuclear markers used in previous studies as putatively species-diagnostic 2 5 4 (i.e. Hox5, vAChTP and CesA, see "Loci selection and genotyping" section above).
5 5
The inter-specific admixture rate was investigated on the total dataset (i.e. 310 loci) to generate posterior probabilities of assignment of each individual genotype to a number of 2 6 0 clusters (K). Ten replicates of 500,000 MCMC after a period of 500,000 burn-in cycles were 2 6 1 ran for K values ranging from 1 to 4; K = 2 is corresponding to the two species clusters. absence of biases due to marker selection, we also ran STRUCTURE for K = 2 using 2 6 5 additional dataset: 1) a subset of 58 loci selected to represent a random sampling of the corresponding to all the SNPs except those differentially fixed between the two species, 4) 2 6 8 only those SNPs that were polymorphic in the two species (42 SNPs).
6 9
To better evaluate the evolutionary history between C. robusta and C. intestinalis 2 7 0 populations, we used a population graph approach implemented in the TREEMIX program 2 7 1 (Pickrell & Pritchard 2012), which infers patterns of splitting and migration between 2 7 2 populations. By using the matrix of allele frequency covariance between pair of populations, 2 7 3 this method generates maximum likelihood population trees under the hypothesis of an 2 7 4 absence of migration or the alternative hypothesis of migration event(s) (that are sequentially 2 7 5 added). By comparison with other methods commonly used to make demographic inferences 2 7 6 or to picture population relationships over time (e.g. Beaumont et al. 2002; Gutenkunst et al. 2 7 7 2009; Hey & Nielsen 2001), TREEMIX has the advantage to be applicable to a large number 2 7 8 of populations by using a tree-construction based approach and, at once, testing for gene flow and intra-specific migration (i.e. infra-specific admixture), we pooled populations according 2 8 1 to the region of sampling (i.e. no.4a and 4b for C. intestinalis; no.5 and 6 and no. 7 to 12 for 2 8 2 each species). Using the total dataset (i.e. 310 loci), we search for the best tree to fit the data 2 8 3 testing for a range of migration events from 0 to 8 (reaching an asymptotic value, Figure S3 ). Based on these inferences, we used a block-jackknife procedure with blocks of 10 SNPs to analysis based on f 3 -statistic test, developed by Reich et al. (2009) , was done to test the null 2 8 7 hypothesis that the evolutionary history of Ciona populations was consistent with the absence 2 8 8 of migration events between populations. The f 3 -statistics evaluates the deviation of the null 2 8 9 hypothesis using the same block-jackknife procedure for all combinations of three populations 2 9 0 (one used as the target and two tested as putative ancestral populations). Overall, 451 individuals (including the two F1-hybrids from experimental crosses) 2 9 5
were genotyped successfully at 310 SNPs defined from a transcriptome dataset of Ciona 2 9 6 robusta and C. intestinalis (Roux et al. 2013) . Following this genotyping, the distribution of 2 9 7
SNPs across the categories, defined from a small sample of 10 specimens for each species, 2 9 8 was modified, as shown in Table S1 . The most substantial change was a decrease of the sf and 2 9 9 sxA categories (i.e. a decrease of 31% and 22%, respectively) and a concomitant increase of 3 0 0 the sxB and ss categories (17% and 22%, respectively). We considered these new categories The analyses aiming at comparing allopatric and sympatric populations of each species 3 0 6 were carried out separately for C. robusta and C. intestinalis, using the set of loci Table 2 and Table 3 . (Table 3 ). The highest genetic differentiation was observed between the SE Pacific population 3 1 5 (no.1) and all of the other populations (pairwise comparisons provided in Table S3a ) as well- illustrated by the DAPC (Fig.1a ) along the first discriminant axis. The second discriminant axis pointed out the differentiation between populations of UK (i.e. no.5 and 6) and Table S3a ). Altogether, SE Pacific 3 2 1 and to a lesser extent UK and Mediterranean Sea populations were the most different He (i.e. 0.194 and 0.172 for no.4a and 4b respectively). As for C. robusta, no departure from 3 2 7
HWE was observed in any study populations. Exact test of differentiation between C. intestinalis populations indicated significant differences among all populations but was non-3 2 9 significant between populations of the sympatric range (Table 3 ). The overall significant 3 3 0 genetic structure was mainly due to a strong and significant genetic differentiation of the Table S3b ). These patterns are pictured by the DAPC (Fig.1b ). Low hybrid index disregarding the regional category and population status 3 3 6
A total of 105 loci, showing a F ST strictly superior to 0.9, were used with the R Using the three nuclear markers used as species-diagnostic markers in previous studies categories with a probability above to 0.95, while 32 individuals (7.2%) obtained ambiguous intestinalis-mitochondrial type. polymorphisms were distributed randomly along the genome of the two species (Fig.4a ), as 3 9 5 previously observed in Roux et al. (2013) . Among the 105 SNPs, some were found in two 3 9 6 introgression hotspots defined by Roux et al. (2013) . Note that we did not have SNPs 3 9 7 localized in the other two introgression hotspots. Interestingly, we found shared or 3 9 8 polymorphic SNP in these introgression hotspots: 1) one SNP in the introgression hotspot of 3 9 9 chromosome 1 showed shared polymorphism in the two species, and 2) six loci showed Table S4 . When comparing of populations for C. robusta and C. intestinalis, the rates of heterozygous sites were more important, for example, at the snp18 (chromosome 1), snp290 4 1 2 (chrom. 2) and snp237 (chrom. 10), the two first being in introgression hotspots defined by The random distribution of few shared and private polymorphisms was also observed observed for Hox5, vAChTP and CesA was 0.2, 0.2 and 1.3% for C. intestinalis, and 6.4, 1.2 4 1 8 and 0.5% for C. robusta, respectively. None of them were localized in introgression hotspots.
As for the 40 polymorphic SNPs discussed above, the rate of polymorphism was quite stable 4 2 0 across populations with a small number of heterozygous sites. Admixture events between the two species revealed by a population tree 4 2 3 approach 4 2 4
The population tree inferred from TREEMIX without migration explained 88.5% of 4 2 5 the variance in the population covariance matrix. Note that in the population tree without 4 2 6 migration events, the population of Chile (no.1) showed a position shifted towards C. intestinalis populations ( Figure S5 ). The variance explained was increased when migration 4 2 8 events were added ( Figure S3 ). The best fit to the data was obtained with two migration 4 2 9 events, which significantly improved the model (P < 0.001, Fig.5 ). This population tree, These two migration events were also supported by the f 3 statistics analysis (Table S5) Brittany (no.7 to 12). f 3 statistics also showed significant negative values for combinations of 4 3 6 three populations involving as targets C. robusta populations groups of UK (no.5 and 6) and Brittany (no.7 to 12) (Table S5 ). These negative f 3 statistics are consistent with the hypothesis 4 3 8 that the tested populations were the results of admixture with ancestors in the two tested 4 3 9 population sources (Reich et al. 2009 ). In this study we used 310 ancestry-informative SNPs to clarify relative contribution of In previous studies that analysed interspecific gene flow in the sympatric range, examining the extent of hybridization between the two species, these authors used few nuclear 4 5 5 markers (between 3 and 6 loci according to the study) which were supposed to be species- contemporary hybridization was particularly difficult as acknowledged in these studies suggest that strong post-zygotic selection is also occurring, which is the least one can expect Altogether these results confirm that contemporary gene flow is almost inexistent between the 4 7 8 two species. localities of allopatric regions (Fig.4a ). Footprints of gene flow were also observed and were 4 8 5 significant for some of them according to TREEMIX and f 3 -statistics analyses. (2013), as between 115,000 and 395,000 for C. robusta, 748,000-1,022,000 for C. intestinalis 5 0 0 and 1,606,000-2,220,000 for the common ancestor. However, the analysis of Roux et al. (2013) showed that the strong excess of shared polymorphism between the two species cannot 5 0 2 be obtained without secondary introgression. The secondary contact has been estimated to to TREEMIX and f 3 -statistics analyses and 2) the presence of admixed loci in introgression 5 0 8 hotspots (i.e. loci pointed by an asterisk in Fig.4a ).
0 9
Our finding is also interesting to consider in light of previous studies based on a few can easily result in the erroneous interpretation that some individuals are more admixed than 5 1 3 other and cast doubts about the ability of these markers to reliably distinguish the two species.
1 4
This was shown in our study by comparing the results obtained with 310 SNPs vs. three 5 1 5 markers supposed to be species-diagnostic. In particular, the CesA locus showed a hybrid category, with NEWHYBRIDS.
2 0
These results highlight the risks of using putative species-diagnostic markers without 5 2 1 preliminary knowledge about the likelihood of past introgression between two study taxa. The reported between allopatric and sympatric populations for the two species (Table 3) 5 3 5
suggesting that intraspecific divergence history for each species influence more the genetic 5 3 6 differentiation between populations than different rates of introgression between species. For Fiskebackskil at the surface and at 20m depth, respectively) exhibited a strong genetic differentiation with the other C. intestinalis populations and also between them (Fig.1b , Table   5 4 0 S3) while they showed similar hybrid index values (Table 1) . This strong genetic population from Chile which showed the highest number of loci with shared polymorphism 5 5 0 with C. intestinalis (Fig.4a ) and the highest h-values over all C. robusta populations ( Table   5 5 1 1). Moreover, the position of the Chilean population on the first axis of the PCA (Fig.2a ) first 5 5 2 suggests residual genotypic covariance best explained by a higher level of introgression by C. intestinalis than other C. robusta populations. This is formally tested using TREEMIX and f 3 5 5 4 statistical analyses (Fig.5 , Table S5 ) which highlighted significant migration events between not uniformly distributed among loci ( Figure S6 ), which is usually not accounted for in 5 6 0 demographic inferences such as TREEMIX and could explain why the source of admixture is 5 6 1 not a contemporary C. intestinalis population. This pattern could be a consequence of 5 6 2 adaptive introgression in the genomic region of these introgressed loci, a process documented (Table S4 ).
7 0
It is important to note that the first report of C. robusta along the Chilean coasts (with 5 7 1 the name of C. intestinalis used until the recognition of C. robusta as a valid species) dates 5 7 2 back to the middle of the 20 th century (Van Name 1945) . We thus cannot exclude that local investigate if this pattern could be due to adaptive introgression, using for instance modelling to the other regions where C. robusta is nowadays distributed. In conclusion, our study confirmed the almost complete absence of contemporary gene might thus be more important to determine the fate of the two species in the sympatric range. Even if efficient reproductive isolation mechanisms are acting, few crosses involving an 5 9 2 advantageous allele can be sufficient to favor its transmission in subsequent generations of the retained for intra-specific analyses in C. robusta and C. intestinalis, respectively (see Materials and 8 2 8
Methods); F IS : fixation index calculated (no deviation from Hardy-Weinberg equilibrium; exact test, P 8 2 9
< 0.05). 8 3 0 Table 3 . Genetic structure among populations for Ciona robusta and C. intestinalis.
All sampled populations (9 populations) 0.054 P < 0.001 All populations without Guanaqueros (all except no.1) 0.023 P < 0.001 Sympatric populations (all except no.1 and 2) 0.021 P < 0.001
C. intestinalis
All sampled populations (11 populations) 0.045 P < 0.001 All populations without Fiskebackskil (all except no.4a and 4b) 0.021 P < 0.001 Sympatric populations (all except no.3, 4a and 4b) 0.014 P = 0.020 
